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port for drawing fluid and a discharge port for discharg- 
ing fluid, and which conveys fluid by drawing and 

discharging fluid by volume change of cells fanned 

between tooth surfaces of the inner rotor and the outer 

rotor during relative rotation between the inner rotor 5 

and the outer rotor engaging each other, 
wherein each of the tooth profiles of <he outer rotor is 

formed such that the tooth space profile thereof is 

formed using an epicycloid curve which is generated by 

rolling a circumscribed-rolling circle Ao along a base 10 

circle Do without slip, and the tooth tip profile thereof 

is formed using a hypocycloid curve which is generated 

by rolling an inscribed-rolling circle Bo along the base 

circle Do without slip, 
wherein the tooth space profile of the inner rotor is formed u 

based on a hypocycloid curve which is formed by 

rolling an inscribed-rolling circle Bi along a base circle 

Di without slip, 
wherein the tooth tip profile of the inner rotor is formed 

such that an epicycloid curve, which is generated by 

rolling a circumscribed-rolling circle Ai along the base 

circle Di without slip, is equally divided into two at a 

midpoint thereof to obtain two outer tooth curve seg- 
ments, and the two outer tooth curve segments are 

separated by a predetermined distance and are M 

smoothly connected to each other using a curve or a 

straight line, and 
wherein the predetermined distance between the two outer 

tooth curve segment* is designated by "ct", and the tip 

clearance is designated by "t", "a" is set so as to satisfy 30 

the following inequalities: 

2. An oil pump rotor assembly according to claim 1, 
wherein the separation of the two outer tooth curve segments 35 
is performed in such a manner that the two outer tooth curve 
segments are moved along the circumference of the base 
circle Di. 

3. An oil pump rotor assembly according to claim 1, £a t the following 
wheremtheseparatlonofthetwooutertoomcurvesegments * s 
Is performed in such a manner that the two outer tooth curve 
segments are moved in the direction of a tangent of the 
epicycloid curve drawn at the midpoint thereof. 

4. An oil pump rotor assembly according to claim 1, 
wherein the separation of the two outer tooth curve segments 
is performed in such a manner that the two outer tooth curve 
segments are first moved along the circumference of the 
base circle Di, and then moved in the direction of a tangent 
of the epicycloid curve drawn at the midpoint thereof. 

5. An oil pump rotor assembly according to claim 1, 
wherein the separation of the two outer tooth curve segments 
is performed in such a manner that the two outer tooth curve 
segments are first moved in the direction of a tangent of the 
epicycloid curve drawn at the midpoint thereof, and men 
moved along the circumference of the base circle Di. 

6. An oil pump rotor assembly ac^prdjng to claim I, 
is set so as to 



aDo=(rt*iy(fiA<inrB<iy, mi 

where, aDi is the diameter of the base circle Di of the 
inner rotor, 0A1 is the diameter of the circumscribed- 
roiling circle Ai, aBi is the diameter of the inscribed- 
rolling circle Bi, pDo is the diameter of the base circle 
Do of the outer rotor, cAo is the diameter of the 
circumscribed-rolling circle Ao, aBo is the diameter of 
the inscribed-rolling circle Bo, "e" is an eccentric 
distance between the inner rotor and the outerrotor, and 
"T is a tip clearance. 
8. An oil pump rotor assembly according to claim 1, 
wherein the inner rotor and the outer rotor are formed such 
that the following equations are satisfied; 



where, aDi is the diameter of the base circle Di of the 
inner rotor, oAi is the diameter of the circumscribed- 
rolling circle Ai, aBi is the diameter of the inscribed- 
rolling circle Bi, aDo is the diameter of the base circle 
Do of the outer rotor, £»Ao is the diameter of the 
circumscribed-rolling circle Ao, aBo is the diameter of 
the inscribed-rolling circle Bo, "e" is an eccentric 
distance between the inner rotor and the outer rotor, and 
"f is a tip clearance, 
9. An oil pump rotor assembly according to claim 1, 
wherein the inner rotor and the outer rotor are fonned such 



eDi°n\vAmiBt)\ Mid 



satisfy the following inequalities: 



"01" 



7. An oil pump rotor assembly according to claim 1, 
wherein the inner rotor and the outer rotor are formed such 
that the following equations are satisfied: 



where, pDi is the diameter of the base circle Di of the 
inner rotor, eAi is the diameter of the circumscribed- 
rolling circle Ai, aBi is the diameter of the inscribed- 
rolling circle Bi, aDo is the diameter of the base circle 
Do of the outer rotor, 0Ao is the diameter of the 
circumscribed-rolling circle Ao, 0BO is the diameter of 
the inscribed-rolling circle Bo, V is an eccentric 
distance between the inner rotor and the outer rotor, and 
"t" is a tip clearance. 
10. An oil pump rotor assembly comprising: 
an inner rotor having V external teeth (V is a natural 
number); 

an outer rotor having (n+1) internal teeth which are 

engageable with the external teeth; and 
the distance between an apex of an outer tooth of the inner 
rotor and an apex of an inner tooth of the outer rotor 
the apexes oppose each other defining a tip 



2008$ mm 



fflmm FAX 03-5288-5822 (ft) 



NO. 8453 P. 6/18 



US 7,118,359 I 



35 



wherein the oil pump rotor assembly is used in an oil 
pump which further includes a casing having ft suction 
port for drawing fluid and a discharge port for discharg- 
ing fluid, and which conveys fluid by drawing and 
discharging fluid by volume change of cells formed s 
between tooth surfaces of the inner rotor and the outer 
rotor during relative rotation between the inner rotor 
and the outer rotor engaging each other, 

wherein each of the tooth profiles of the inner rotor is 
formed such that the tooth tip profile thereof is formed to 
using an epicycloid curve which is generated by rolling 
a circumscribed-roiling circle Ai along a base circle Di 
without slip, and the tooth space profile thereof is 
formed using a hypocycloid curve which is generated 
by rolling an inscribed-rolling circle Bi along the base is 
circle Di without slip, 

wherein the tooth space profile of the outer rotor is formed 
based on an epicycloid curve which is formed by 
rolling a circumscribed-roiling circle Ao along a base 
circle Do without slip, 20 

wherein the tooth tip profile of the outer rotor is formed 
such that a hypocycloid curve, which is generated by 
rolling an inscribed-rolling circle Bo along the base 
circle Do without slip, is equally divided into two at a 
midpoint thereof to obtain two inner tooth curve seg- 2* 
meats, and the two inner tooth curve segments are 
separated by a predetermined distance and are 
smoothly connected to each other using a curve or a 
straight line, and 

whereinthe predetermined distance between, the two inner 30 
tooth curve segments is designated by "p", and the tip 
clearance is designated by "t", "P" is set so as to satisfy 
the following inequalities: 

11. An oil pump rotor assembly according to claim 10, 
wherein the separation of the two inner tooth curve segments 
' ar tooth curve 



<,Do-{K*iy(!SAwB#); and 



where, eDi is the diameter of the base circle Di of the 
inner rotor, Mi is the diameter of the circumscribed- 
roiling circle Ai, pBi is the diameter of the inscribed- 
rolling circle Bi, efDo Is the diameter of the base circle 
Do of the outer rotor, eAo is the diameter of the 
circumscribed-roiling circle Ao, aBo is the diameter of 
the inBcribsd-rolIing circle Bo, "e" is an eccentric 
distance between the inner rotor and the outer rotor, and 
"I* is a tip clearance. 
17. An oil pump rotor assembly according to claim 10, 
wherein the inner rotor and the outer rotor are formed such 



aDa-*«<«+l)/)l+K>i+ty(«+2). 
where, BDi is the diameter of the base circle Di of the 
inner rotor, aAi is the diameter of the circumscribed- 
roiling circle Ai, 0Bi is the diameter of the inscribed- 
rolling circle Bi, »Do is the diameter of the base circle 
Do of the outer rotor, vte is the diameter of the 
circumscribed-roiling circle Ao, aBo is the diameter of 
the inscribed-rollmg circle Bo, V is an eccentric 
distance between the inner rotor and the outer rotor, and 
"t" is a tip clearance. 
1$, An oil pump rotor assembly according to claim 10, 



is performed in such a manner that the two inner 
segments are moved along the circumference of the base 

circle Do. 40 therein the inner rotor and the outer rotor are formed such 

12. An oil pump rotor assembly according to claim 10, that the following equations are satisfied: 
wheremtheseparationofmetwoinnertoothcurvesegments baH>a»; 

is performed in such a manner mat the two inner tooth curve 
segments are moved in the direction of a tangent of the 
hypocycloid curve drawn at the midpoint thereof. 4 

13. An oil pump rotor assembly according to claim 10, 
wherein the separation of the two inner tooth curve segments 
is performed in such a manner that the two inner tooth curve 
segments are first moved along the circumference of the 
base circle Do, and then moved in the direction of a tangent 9 

. of the hypocycloid curve drawn at the midpoint thereof. 

14. An oil pump rotor assembly according to claim 10, 
whereinthe separation of the two inner tooth curve segments 
is performed in such a manner that the two inner tooth curve 
segments are first moved in the direction of a tangent of the 5 
hypocycloid curve drawn at the midpoint thereof, and then 
nws^d along the circumference of the base circle Do. / ^>. 

M.S\An oil pump rotor assembly according to clainQj/ 
"""^ * uwisffein the nrwfatermineri distance "6™ is set an as to satisfy 



wMein the predetermined distance "p" is set so as to satisfy" 
the following inequalities: * 60 

(ljpAn oil pump rotor assembly according to claim $J 
wherein the inner rotor and the outer rotor are formed sucn 
that the following equations are satisfied: vJ 



where, 0Di is the diameter of the base circle Di of the 
inner rotor, eAi is the diameter of the circumscribed- 
roiling circle Ai, aBi is the diameter of the inscribed- 
rolling circle Bi, bDo is the diameter of the base circle 
Do of the outer rotor, bAo is the diameter of the 
circumscribed-roiling circle Ao, aBo is the diameter of 
the inscribed-rolling circle Bo, V is an eccentric 
distance between the inner rotorand the outer rotor, and 
T is a tip clearance. 
19. An oil pump rotor assembly comprising: 
an inner rotor having "n" external teeth ("n" is a natural 
number); an outer rotor having (n+1) internal teeth 
which are engageable with the external teeth; and 
the distance between an apex of an outer tooth of the inner 
rotor and an apex of an inner tooth of the outer rotor 
when the apexes oppose each other defining a tip 
therebetween, 
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wherein the oil pump rotor assembly is used in an oil 
pump which further includes a casing having a suction 
port for drawing fluid and a discharge port for discharg- 
ing fluid, and which conveys fluid by drawing and 
discharging fluid by volume change of cells formed : 
between tooth profiles of the inner rotor and the outer 
rotor during relative rotation between the inner rotor 
and the outer rotor engaging each other, 

wherein the tooth tip profile of the inner rotor is formed 
such that an epicycloid curve, which is generated by l 
rolling a circumscribed-rolling circle Ai along a base 
circle Di without slip, is equally divided into two at a 
midpoint thereof to obtain two outer tooth curve seg- 
ments, and the two outer tooth curve segments are 
separated by a predetermined distance and are l 
smoothly connected to each other using a curve or a 
straight line, 

wherein the tooth space profile of the inner rotor is formed 
based on a hypocycloid curve which is formed by 
rolling an inscribed-rolling circle Bi along the base 2 
circle Di without slip, 
wherein the tooth space profile of the outer rotor is formed 
based on an epicycloid curve which is formed by 
rolling a circumscribed-rolling circle Ao along a base 
circle Do without slip, 2 
wherein the tooth tip profile of the outer rotor is formed 
such that a hypocycloid curve, which is generated by 
rolling an inscribed-rolling circle Bo along the base 
circle Do without slip, is equally divided into two at a 
midpoint thereof to obtain two inner tooth curve seg- * 
ments, and the inner tooth curve segments are separated 
by a predetermined distance and are smoothly con- 
nected to each other using a curve or a straight line, and 
wherein the predetermined distance between the two outer 
tooth curve segments is designated by "a", the prede- 3 
termined distance between the two inner tooth curve 
is designated by "p", and the tip clearance is 
d by "t", "a" and "0" are set so as to satisfy 
the following inequalities: 

41 

l/ASaS3l/A; and 



20. An oil pump rotor assembly according to claim 19, 
wherein the separation of the two outer tooth curve segments 
is performed in such a manner that the two outer tooth curve 
segments are moved along the circumference of the base 
circle Di, and the separation of the two inner tooth curve 
segments is performed in such a manner that the two inner 
tooth curve segments are moved along the circumference of 
the base circle Do. 

21. An oil pump rotor assembly according to claim 19, 
wherein the separation of the two outer tooth curve segments 
is performed in such a manner that the two outer tooth curve 
segments are moved in the direction of a tangent of the 
epicycloid curve drawn at the midpoint thereof, the separa- 
tion of the two inner tooth curve segments is performed in 
such a manner that the two inner tooth curve segments are 
moved in the direction of a tangent of the hypocycloid curve 
drawn at the midpoint thereof. 

22. An oil pump rotor assembly according to claim 19, 
wherein the separation of the two outer tooth curve segments 
is performed in such a manner that the two outer tooth curve 
segments are first moved along the circumference of the 
base circle Di, and then moved in the direction of a tangent i 
of the epicycloid curve drawn at the midpoint thereof, and 
the separation of the two inner tooth curve segments is 



that the two inner tooth curve 
segments are first moved along the circumference of the 
base circle Do, and then moved in the direction of a tangent 
of the hypocycloid curve drawn at the midpoint thereof. 

23. An oil pump rotor assembly according to claim 19, 
wherein the separation of the two outer tooth curve segments 
is performed in such a manner that the two outer tooth curve 
segments are first moved in the direction of a tangent of the 
epicycloid curve drawn at the midpoint thereof, and then 
moved along the circumference of the base circle Di, and the 
separation of the two inner tooth curve segments is per- 
formed in such a manner that the two inner tooth curve 
segments are first moved in the direction of a tangent of the 
hypocycloid curve drawn at the midpoint thereof, and then 
moved along the circumference of the base circle Do. 

24. An oil pump rotor assembly according to claim 15, ^ 
wherein the predetermined distance "a" and the predeter- 
mined distance "(T are set so as to satisfy the following 
inequalities: 



25. An oil pump rotor assembly according to claim 19, 
wherein the inner rotor and the outer rotor are formed such 
that the following equations are satisfied: 



eAi+0Bi=0Ao+ e Bo=2e; 



eDo=(n+\) {0Ao+0Bo); and 



(n+l)eDi=n-0Do. 

0 where, 0Di is the diameter of the base circle Di of the 
inner rotor, 0Ai is the diameter of the circumscribed- 
rolling circle Ai, 0Bi is the diameter of the inscribed- 
rolling circle Bi, 0Do is the diameter of the base circle 
Do of the outer rotor, 0Ao is the diameter of the 
5 circumscribed-rolling circle Ao, 0Bo is the diameter of 
the inscribed-rolling circle Bo, "e" is an eccentric 
distance between the inner rotor and the outer rotor, and 
"t" is a tip clearance. 
3 26. An oil pump rotor assembly according to claim 19, 
wherein the inner rotor and the outer rotor are formed such 
that the following equations are satisfied: 



<>Ai+0Bi=2e; 

eDi=n (eAi+0Bi); and 

B D O = 0 Z)r(« + iy« + C(« + l)/(« + 2), 

where, 0Di is the diameter of the base circle Di of the 
inner rotor, 0Ai is the diameter of the circumscribed- 
rolling circle Ai, aBi is the diameter of the inscribed- 
rolling circle Bi, 0Do is the diameter of the base circle 
Do of the outer rotor, 0Ao is the diameter of the 
circumscribed-rolling circle Ao, 0Bo is the diameter of 



